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LIQUID CRYSTAL DISPLAY AND DRIVING METHOD THEREOF 
BACKGROUND OF THE INVENTION 

(a) Field of the Invention 

The present invention relates to a liquid crystal display and a driving method 

5 thereof. 

(b) Description of Related Art 

A liquid crystal display (LCD) is one of the most prevalent flat panel displays, 
which includes two panels having a plurality of electrodes for generating electric field, 
a liquid crystal (LC) layer interposed therebetween, and two polarization films 

10 attached to outer surfaces of the two panels. The LCD varies voltages applied to 

the field-generating electrodes to re-orient LC molecules in the LC layer, which 
determine polarization of light passing through the LC layer. The polarization films 
changes transmittance of the light based on the variation of the light polarization. 
Therefore, desired images are obtained by controlling the voltages applied to the field- 

15 generating electrodes. One of the panels includes thin film transistors (TFTs) for 

switching the voltages applied to the field-generating electrodes. 

In the center of the panel on which the TFTs are formed, a display area on 
which an intended image is displayed is placed. In the display area, a plurality of 
signal lines, that is, a plurality of gate lines and data lines are formed in row and 

20 column directions, respectively. In a pixel area, which is defined by the crossing of 

the gate line and data line, a pixel electrode is formed, and the TFT controls the data 
signal transmitted via tlie data line according to the gate signal transmitted via the gate 
line to provide it to the pixel electrode. 

A plurality of gate pads and data pads, which are connected to the gate lines 

25 and data lines, respectively, are formed outside tlie display area, and those pads are 

connected to external driving ICs to receive the gate signals and data signals from the 
outside and transmit them to the gate lines and data lines. 

To transmit the gate signal and data signal, a gate printed circuit board 
("PCB") and a data PCB are attached to the TFT panel through a thermal press process 

30 using an anisotropic conducting film ("ACF"). Connected between the TFT panel and 

the data PCB is a flexible printed circuit ("FPC") for data signal transmission on which 
a data driving IC that transforms an electric signal to a data signal and outputs it to the 



data pad and data line is mounted. Also, connected between the TFT panel and the 
data PCB is an FPC for gate signal transmission on which a gate driving IC that 
transforms an electric signal to a gate signal and outputs it to the gate pad and gate line 
is mounted. 

5 The structure that the data driving IC and gate driving IC are connected to the 

TFT panel and PCB via transmission film has disadvantages that additional mounting 
space are required between the TFT panel and PCB for placing the IC to the 
transmission film to make the overall size larger and that contact defect may be 
generated due to the attachment of the IC to the transmission film. 

!0 To solve the above problems, a chip on class ("COG") structure in which the 

data IC and/ or gate IC is mounted directly on the TFT panel and the IC and the PCB 
are connected using the transmission film is used. 

However, in case that at least two data ICs are mounted on the TFT panel in 
the COG type LCD, since a plurality of transmission films, on which data wiring for 

15 transmitting signal data, control data, and gray data received from the signal controller 

of the PCB are formed, are arranged in parallel, it causes disadvantages that 
manufacturing cost increases due to the use of many expensive transmission films and 
that mounting space for connecting the transmission film to each data IC is required. 

In addition, the large number of the connections between data ICs and 

20 transmission films causes disadvantages of high cost and high contact defect rate. 

A cascade structure, in which a data signal is provided by connecting a 
transmission film to one side and the signal provided from one side is provided to each 
data IC arranged in parallel by a shift operation of the data IC, is suggested to resolve 
the above disadvantages. 

25 However, in the conventional LCD having such a cascade structure or another, 

a data controller circuit of the PCB transmits data to the data driving IC using RSDS 
(Reduced Swing Differential Signal) or conventional TTL method. For example, in 
case that 6-bit data are transmitted, since R, G, and B data with clock signal should be 
transmitted separately in TTL level transmission method, total nineteen (19) signal 

30 lines (clock signal line (1) + respective signal lines (6*3) = 19) are required. 
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In addition, in case of RSDS transmission method, since the signals of positive 
and negative polarities for each signal are transmitted simultaneously, total twenty (20) 
signal lines (clock signal line (2) + respective signal lines (9*2) = 20) are required. 

As described above, even though a cascade structure is used, still there is a 
5 disadvantage that the number of the signal lines increase, and therefore, the possibility 

of noise increase becomes higher due to the influences between signal lines. 

SUMMARY OF THE INVENTION 
According to an aspect of the present invention, a liquid crystal display is 
provided, which includes: a liquid crystal panel including a plurality of pixels 
10 including switching elements, a plurality of gate lines for transmitting gate signals to 

the switching elements, and a plurality of data lines for transmitting data voltages to 
the pixels; a data driver including a plurality of data driving ICs connected to 
respective sets of the data lines, receiving image data, and applying the data voltages 
corresponding to the image data to the data lines; and a gate driver applying the gate 
15 signals to the gate lines, wherein the data driving ICs are supplied with a ground 

voltage and a supply voltage and voltage levels of the image data swing with reference 
to a reference voltage lower than the supply voltage. 

The data driving ICs may be mounted on the liquid crystal panel. 
Preferably, the image data received by the data driver are first inputted into at 
20 least one of the data driving ICs and shifted to other data driving ICs. The data 

driving ICs may include first and second sets of data driving ICs and the image data 
include first and second image data to be inputted into the first and the second sets of 
data driving ICs, respectively. 

It is preferable that each of the first and the second sets of data driving ICs 
25 include one data driving IC receiving the image data from an external device. 

The image data for a data driving IC farther from the one data driving IC 
receiving the image data from the external device preferably precede the image data 
for a data driving IC closer to the one data driving IC receiving the image data from 
the external device. 

30 The liquid crystal display may further include a voltage generator for 

generating the reference voltage to be provided for the data driver and for generating 
voltages required for the gate signals to be provided for the gate driver. The voltage 



generator may further generate a plurality of gray voltages to be supplied to the data 
driver and to be selected as the data voltages. 

The reference voltage may be inputted to the data driving ICs simultaneously. 

A signal line for transmitting the reference voltage may be provided on the 
liquid crystal panel. 

The image data preferably have a voltage swing level lower than a voltage 
swing level of a signal transmitted in TTL/CMOS (transistor-transistor 
logic/ complementary metal oxide semiconductor) transmission. 

The gate driver may include a plurality of gate driving ICs connected to 
respective sets of gate lines. 

A method of driving a liquid crystal display including a liquid crystal panel 
having a plurality of pixels, a plurality of gate lines, and a plurality of data lines, a data 
driver including a plurality of data driving ICs for supplying data voltages to the data 
Hnes, and a gate driver for supplying gate signals to the gate lines is provided, which 
includes inputting the image data to at least one of the data driving ICs; and shifting 
the image data to the data driving ICs, wherein the data driving ICs are supplied 
with a ground voltage and a supply voltage and voltage levels of the image data swing 
with reference to a reference voltage lower than tlie supply voltage. 

The shift direction of the image data may be two. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The present invention will become more apparent by describing preferred 

embodiments thereof in detail with reference to the accompanying drawings in which: 
Fig. 1 is a block diagram of an LCD according to an embodiment of the 

present invention; 

Fig. 2 is a schematic diagram of an LCD according to an embodiment of the 
present invention; 

Fig, 3 is an exemplary circuit diagram of a data driving IC shown in Fig. 2 
according to an embodiment of the present invention; 

Fig. 4 is a timing chart of image data of an LCD according to an embodiment 
of the present invention; and 

Fig. 5 is a schematic diagram of an LCD according to another embodiment of 
the present invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention now will be described in more detail hereinafter with 
reference to the accompanying drawings, in which preferred embodiments of the 
invention are shown. 

5 Now, liquid crystal displays and driving methods thereof will be described in 

detail with reference to the accompanying drawings. 

Fig. 1 is a block diagram of an LCD according to an embodiment of the 
present invention. 

The LCD according to an embodiment of the present invention includes, as 
10 shown in Fig. 1, a LC panel 10, a data driver 20, a gate driver 30, a signal controller 40, 

and a voltage generator 50. 

The liquid crystal panel 10 includes a plurality of gate lines Gl-Gn for 
transmitting gate signals, a plurality of data lines Dl-Dm intersecting the gate lines Gl- 
Gn for transmitting data voltages, and a plurality of pixels arranged in a matrix pattern 
1 5 and connected to the gate lines Gl-Gn and the data lines Dl-Dm. 

Each pixel includes a switching element Q, a LC capacitor Clc, and a storage 
capacitor Cst. The switching element Q such as a TFT has three terminals: a control 
terminal connected to one of the gate lines Gl-Gn; an input terminal connected to one 
of the data lines Dl-Dm; and an output terminal to the LC capacitor Clc and the 
20 storage capacitor Cst. The LC capacitor Clc is supplied with a data voltage and a 

common voltage, while the storage capacitor Cst is supplied with the data voltage and 
a predetermined voltage such as the common voltage. 

The signal controller 40 receives image data and input control signals from an 
external graphics source, and it processes the image data and generates controls signals 
25 based on the input image data and the input control signals. 

The data driver 20 shifts and stores the image data serially inputted from the 
signal controller 40, and it selects the data voltages corresponding to the respective 
image data in response to a controL signal called "a load signal" from the signal 
controller 40 and applies the data voltages to the data lines Dl-Dm of the LC panel 10. 
30 The gate driver 30 generates the gate signals including a gate-on voltage for 

turning on the switching elements Q of the pixels and a gate-off voltage for turning off 
the switching elements Q, and it applies the gate signals to the gate lines Gl-Gn of the 



LC panel 10. The gate driver 30 includes a plurality of gate driving ICs mounted on 
the LC panel 10 or on a transmission film (not shown) attached to the LC panel 10. 

The voltage generator 50 generates the gate-on voltage, the gate-off voltage, 
and a common voltage Vcom, and it also generates gray voltages related to the 
5 transmittance of the pixels. In addition, the voltage generator 50 generates a reference 

voltage Vref for data transmission. 

An exemplary detailed configuration of the LCD shown in Fig. 1 will now be 
described in detail with reference to Fig. 2. 

Fig. 2 is a schematic diagram of an LCD according to an embodiment of the 
10 present invention, which shows connections among a signal controller, a voltage 

generator, and a data driver. 

Referring to Fig. 2, an LCD according to an embodiment of the present 
invention includes an upper panel 100 and a TFT array panel 200 facing each other, a 
printed circuit board 300 located adjacent to the upper panel 100, a plurality of data 
1 5 driving ICs 21-24 mounted on a peripheral area of the TFT panel 200 in so called a chip 

on glass type, and first and second transmission films Fl and F2 connected between the 
PCB 300 and the data driving ICs 21-24. 

A plurality of signal lines such as a plurality of gate lines 111 and a plurality 
of data lines 112 are provided on a display area, which occupies most of the TFT array 
20 panel 200. The gate lines 111 and the data lines 112 extend in row and column 

directions, respectively, and the data lines 112 are grouped to be connected to the 
respective data driving ICs 21-24. 

A plurality of circuit elements such as a signal controller 40 and a voltage 
generator 50 are provided on the PCB 300. The signal controller 40 is electrically 
25 connected to a first one 21 of the data driving ICs 21-24 via transmission lines of the 

first transmission film Fl for data transmission of image data and the voltage generator 
50 is electrically connected to the data driving ICs 21-24 via transmission lines of the 
second transmission film F2 for voltage transmission of a reference voltage Vref and of 
gray voltages (not shown). In detail, there are also provided a plurality of 
30 transmission lines, although they are not shown in the figures, on the PCB 300 for the 

image data transmission between the signal controller 40 and the first transmission 
film Fl and for the voltage transmission between the voltage generator 50 and the 



second transmission film F2. In addition, there are provided on the TFT array panel 
200 a plurality of other transmission lines (not shown) for data or voltage transmission 
between the first and the second transmission films Fl and F2 and the data driving ICs 
21-24 and for data transmission between the data driving ICs 21-24. 
5 The first and the second transmission films Fl and F2 are physically and 

electrically coixnected to the TFT panel 200 and the PCB 300 through thermal pressing 
process using anisotropic conducting film (ACF) (not shown). 

The image data from the signal controller 40 are inputted into the first data 
driving IC 21 via the first transmission film Fl. The image data are shifted and stored 
10 in the data driving ICs 21-24 in sequence and thus the image data are transmitted from 

the signal controller 40 to the last data driving IC 24 via the previous data driving ICs 
21-23. 

In the meantime, the reference voltage Vref is transmitted to the data driving 
ICs 21-24 via the second transmission film F2 simultaneously. 
1 5 Alternately, the voltage generator 50 is electrically connected only to the first 

data driving IC 21 like the connection between the signal controller 40 and the first 
data driving IC 21, and the reference voltage Vref and/or the gray voltages are 
transmitted to the remaining ICs 22-24 in sequential manner. 

Fig. 3 is an exemplary circuit diagram of a data driving IC shown in Fig. 2 
20 according to an embodiment of the present invention. 

Referring to Fig. 3, a data driving IC includes a pair of input buffers Bl and B3, 
another input buffer B receiving a plurality of gray voltages, a pair of output buffers B2 
and B4, a clock divider 211 connected to the input buffer Bl, a data receiver 212 
connected to the input buffer Bl and the clock divider 211, a driver 213 comiected to 
25 the data receiver 212, and a data voltage applier 214 connected to the driver 213 and 

the input buffer B. 

The input buffer Bl receives image data DATA from a signal controller 40 or a 
previous data driving IC and a reference voltage Vref from a voltage generator 50 
shown in Fig. 2. The input buffer Bl is also supplied with an input/ output control 
30 signal EN from the signal controller 40. 

The input buffer B3 receives a clock HCLK from the signal controller 40 or the 
previous data driving IC and the reference voltage Vref from the voltage generator 50. 



The clock divider 211 receives the clock HCLK from the input buffer B3 and 
frequency-divides the input clock HCLK. 

The data receiver 212 receives the image data DATA from the input buffer Bl 
according to the frequency-divided clock from the clock divider 211. 
5 The driver 213 receives the image data DATA from the data receiver 212 and 

transmits the image data DATA to the data voltage applier 214. 

The data voltage applier 214 receives the image data DATA from the driver 
213 and the gray voltages from the input buffer B and converts the image data into 
respective data voltages selected among the gray voltages. The data voltage applier 
1 0 214 outputs the data voltages to corresponding data lines 112 of an LC panel 10. 

The output buffer B2 receives the image data DATA from the input buffer Bl 
and the input/output control signal EN from the signal controller 50 and outputs the 
image data DATA to a next data driving IC in accordance with the control signal EN. 

The output buffer B4 receives the clock HCLK from the input buffer B3 and 
1 5 outputs the clock HCLK to the next data driving IC. 

Next, the operation of an LCD shown in Figs. 2 and 3 is described with 
reference to Figs. 2, 3 and 4. 

Fig. 4 is a timing chart of image data of an LCD according to an embodiment 
of the present invention. 
20 The signal controller 40 receives image data inputted from an external signal 

source (not shown), processes the input image data, and generates various control 
signals for displaying the processed image data. 

The control signals generated by the signal controller 40 include a clock 
HCLK swinging on the basis of the reference voltage Vref . 
25 Every bit of the image data processed by the signal controller 40 has high and 

low voltage levels and the voltage difference between the high level and the low level 
is about 1.0 volt, which is relatively small compared with the voltage difference of 
about 3.3 volts for a TTL type and relatively large compared with the voltage difference 
of about 0.2 volts for an RSDS type. For example, the high and low levels of the image 
30 data are equal to the reference voltage Vref added by about ±0.5 volts, respectively. 
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In addition, the reference voltage Vref is lower than a higher supply voltage 
provided for the data driving ICs 21-24, which are supplied with two supply voltages, 
the high supply voltage and a low supply voltage such as a ground voltage. 

TABLE 1 shows an example of high and low levels of image data according to 
5 an embodiment of the present invention. 

TAPLEl 



Symbol 


Parameter 


Minimum 


Standard 


N4aximum 


Unit 


Voh 


High Level 


Vref+400 


Vref+500 




mV 


Vref 


Reference 
Voltage 




l.OV 




mV 


Vol 


Low Level 




Vref-500 


Vref-400 


mV 



As shown in TABLE 1, the image data according to an embodiment of the 
present invention is switched in a range of maximum 1.5V to minimum 0.5V with 
1 0 reference to the reference voltage Vref of l.OV. 

The signal controller 40 transmits the image data for red, green and blue 
colors in parallel to the data driver 20 and every two bits of each of the R, G, and B 
image data are transmitted through one signal line as shown in Fig. 4. For example, 
image data bits RO and Rl are synthesized and outputted through one signal line. 
15 Therefore, three signal lines are required for the data transmission of each 6-bit image 

data for red, green or blue color. 

Accordingly, the total number of signal lines required for transmitting 6-bit 
image data is eleven, one for the clock signal HCLK, one for the reference signal Vref, 
and nine for the red, green, and blue image data. Therefore, the number of the signal 
20 lines according to an embodiment of the present invention can be remarkably reduced 

compared with conventional RSDS or TTL. 

The data transmission according to an embodiment of the present invention is 
named as LVCC (low voltage cascade connection) type because a plurality of data 
driving ICs formed in a COG type are connected in a cascade type and the low voltage 
25 image data swing with reference to tlie reference voltage Vref. 
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The signal controller 40 sends the processed image data DATA and the clock 
signal HCLK to the first data driving IC 21 on the TFT panel 200 through the first 
transmission film Fl. In addition, the voltage generator 50 provides the reference 
voltage Vref and tlie gray voltages for the data driving ICs 21-24 through the second 
5 transmission film F2. 

The input buffer Bl receives the image data DATA and the reference signal 
Vref and outputs the image data DATA in response to the input/ output control signal 
EN. Likewise, the input buffer B3 receives the clock signal HCLK and the reference 
signal Vref and outputs the clock signal HCLK. 
10 The clock divider 211 frequency-divides the clock HCLK from the input 

buffer B3 and the data receiver 212 stores the image data DATA from the input buffer 
Bl according to the frequency-divided clock from the clock divider 211. The data 
voltage applier 214 converts the image data DATA into data voltages selected from the 
gray voltages supplied from the input buffer B and outputs the data voltages to 
15 corresponding data lines Dl-Dm of the LC panel 10 under tlie control of the driver 213. 

In tlie meantime, the output buffer B2 receives the image data DATA from the 
input buffer Bl and outputs the image data DATA to the next data driving IC in 
response to the input/ output control signal EN. Likewise, tlie output buffer B4 
receives the clock signal HCLK from the input buffer B2 and outputs the clock signal 
20 HCLK to the next data driving IC. 

In this way, each data driving IC applies the data voltages to the 
corresponding data lines Dl-Dm and transmits the image data DATA to the next 
driving IC. 

In the meantime, the gate driver 30 generates gate signals and applies the gate 
25 signals to the gate lines Gl-Gn in sequence to turn on the switching elements of the 

pixels comiected to the gate lines Gl-Gn. Then, the data voltages flowing in the data 
lines Dl-Dm are transmitted to the pixels via the activated switching elements. 

The voltage difference across the liquid crystal capacitor Clc determines the 
orientations of the LC molecules in the liquid crystal layer, wliich in turn determines 
30 the polarization of incident light and the light polarization is converted into 

transmittance the light by the polarizers, thereby displaying desired images. 
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According to another embodiment of the present invention, the image data 
are inputted to two data driving ICs such as the first data driving IC and the last data 
driving IC and shifted toward the center. 

According to another embodiment of the present invention, the levels of the 
5 image data entering into the data driving ICs are the same in order for preventing the 

signal delay and voltage drop of the image data due to long signal paths. 

Fig. 5 is a schematic diagram of an LCD according to another embodiment of 
the present invention. 

Referring to Fig. 5, an LCD according to another embodiment of the present 
10 invention includes an upper panel 100 and a TFT array panel 200 facing each other, a 

printed circuit board 300 located adjacent to the upper panel 100, a plurality of (n) data 
driving ICs Il-Ip mounted on the TFT panel 200, and a transmission film F3 cormected 
between the PCB 300 and the data driving ICs Il-Ip. 

A plurality of gate lines 111 and a plurality of data hnes 112 are provided on 
15 the TFT array panel 200. The gate lines 111 and the data lines 112 extend in row and 

column directions, respectively, and the data lines 112 are grouped to be cormected to 
the respective data driving ICs Il-Ip. 

A signal controller 40 is provided on the PCB 300. The signal controller 40 is 
electrically connected to intermediate two driving ICs Ik and I(k+1) (l<k<p) among the 
20 data driving ICs Il-Ip via first and second transmission lines of the transmission film 

F3 for data transmission of image data, respectively. The number k is preferably 
equal to about p/2. 

The image data from the signal controller 40 are inputted into the k-th and the 
(k+l)-th data driving IC Ik and I(k+1) via the transmission film F3. The image data 

25 entering into the k-th data driving IC Ik are shifted to the first data driving IC II, while 

image data entering into the (k+l)-th data driving IC I(k+1) are shifted to the last data 
driving IC Ip. The former image data are referred to as first image data and the latter 
image data are referred to as second image data for descriptive convenience. 

Since a signal path of the first image data for the first to the k-th data driving 

30 ICs II -Ik is reversed to a signal path of the second image data for the (k+l)-th to the n- 
th data driving ICs I(k+1)-In, the signal controller 40 outputs the first image data in 
forward order and the second image data in reverse order. For example, it is assumed 
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that first image data for the first to the fourth data drivers are A, B, C and D, 
respectively, while E, G and H are second image data for the fifth to the eighth data 
drivers, respectively, when p=8 and k=4. The signal controller 40 outputs the first 
image data in order of A, B, C and D, while it outputs the second image data in order 
5 of H, G, F and E. Then, the image data A are transmitted to the first data driving IC 

via the second to fourth driving ICs, the image data B are transmitted to the second 
data driving IC via the third and fourth driving ICs, and so on. Likewise, the image 
data H are transmitted to the eighth data driving IC via the fiftli to seventh driving ICs, 
the image data G are transmitted to tlie seventh data driving IC via the fifth and sixth 

1 0 driving ICs, and so on. 

This embodiment reduces a frequency for transmitting image data and keeps 
the voltage levels of the image data applied to tlie data driving ICs to be constant, 
thereby preventing mal-operation. 

The first and the second image data are also transmitted in the LVCC type, 

15 and a reference voltage for the LVCC provided from a voltage generator can be 

inputted to all the data driving ICs simultaneously or in sequence. 

According to other embodiments of the present invention, the transmission 
line for transmitting the reference voltage from the voltage generator to the data 
driving ICs is provided on the TFT panel 200. In this case, it is preferable that the 

20 transmission line for the reference voltage is located over the data driving ICs and 

connected to the voltage generator of the PCB 300 via the transmission film to receive 
the reference voltage. Alternatively, the reference voltage is inputted to the first data 
driving IC via the first transmission film like the image data shown in Fig. 2 and 
shifted to the next data driving IC in sequence. 

25 According to another embodiment of the present invention, the data driver 

generates the reference voltage based on the gray voltages provided from the voltage 
generator. 

As described above, the embodiments reduce the number of the transmission 
films and the transmission lines for connecting the PCB and the driving ICs to decrease 
30 the manufacturing cost of the LCD including a plurality of data drivers arranged in 

parallel. The reduction of the transmission lines reduces noise between the 
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transmission lines to decrease the EMI (electromagnetic interference), thereby giving 
stable data transmission. 

Moreover, since the termination resistance is not required, area efficiency 
increases and the impedance matching to the PCB are not required. 

Although preferred embodiments of tlie present invention have been 
described in detail hereinabove, it should be clearly understood that many variations 
and/ or modifications of the basic inventive concepts herein taught which may appear 
to those skilled in the present art will shll fall within the spirit and scope of the present 
invention, as defined in the appended claims. 
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